Living donor liver transplantation (LDLT) has been controversial since its inception. Begun in response to deceased donor organ shortage and waiting list mortality, LDLT was initiated in 1989 in children, grew rapidly after its first general application in adults in the United States in 1998, and has declined since 2001. There are significant risks to the living donor, including the risk of death and substantial morbidity, and 2 highly publicized donor deaths are thought to have contributed to decreased enthusiasm for LDLT. Significant improvements in outcomes have been seen over recent years, and data, including from the National Institutes of Health-funded Adult-to-Adult Living Donor Liver Transplantation Cohort Study (A2ALL), have established a survival benefit from pursuing LDLT. Despite this, LDLT still composes less than 5% of adult liver transplants, significantly less than in kidney transplantation where living donors compose approximately 40% of all transplantations performed. The ethics, optimal utility, and application of LDLT remain to be defined. In addition, most studies to date have focused on posttransplantation outcomes and have not included the effect of the learning curve on outcome or the potential impact of LDLT on waiting list mortality. Further growth of LDLT will depend on defining the optimal recipient and donor characteristics for this procedure as well as broader acceptance and experience in the public and in transplant centers.
A central tenet in medicine is primum non nocere, first do no harm. Believed to be part of the Hippocratic Oath, despite being in Latin, it guides policy and beliefs, if not practice, in contemporary medicine. On the surface, adultto-adult living donor liver transplantation (LDLT) contradicts this principle because a healthy individual undergoes a major operation for no direct, physical benefit.
The first LDLT was performed in Hong Kong in 1993. Five years later, the first LDLT was performed in the United States, and, today, there are over 40 centers that perform LDLT across the country, although most are done in a smaller number of larger volume centers. The majority of LDLT done in the United States are for adults using right lobe grafts. As opposed to a left hepatectomy, this procedure provides the recipient with sufficient hepatic mass to replace the cirrhotic liver while still leaving the donor with enough functioning hepatocytes. In 2000, there was great enthusiasm for LDLT, with 49 centers performing at least 1 LDLT. The enthusiasm was quickly tempered by the death of a donor in January 2002, the second reported death of an adult living transplant donor in the United States. We previously reported that 76% of liver transplant programs that had not performed LDLT planned on starting a program, but since then the climate for living donation had changed. 1 From 2001 to 2006, the number of centers performing LDLT and the number of procedures declined, although it appears to have stabilized at ϳ250/cases per year, approximately half of the peak in 2001 2 ( Figure 1 ). There are several possible reasons why the number of centers performing LDLT and the total number of LDLTs have declined, including changes in organ allocation and reticence following the donor deaths, but other unrecognized factors may also have played a role. Two factors that may be important were the exhaustion of the initial pool of eligible patients, ie, all the patients on the waiting list in 1998 (over 17,000 patients), leaving only new additions to the waiting list as potential LDLT candidates. Additionally has been the increased use of extended criteria donor livers, which includes those from older donors (over 60 to 70 years of age), donation after cardiac death (formerly called non-heart-beating donors), and livers with steatosis or exposure to/infection with hepatitis B or C.
In the United States, over 1700 LDLTs have been performed, and 2 early deaths and 2 liver transplantations have occurred in adult living liver donors. There have been several additional late deaths, although these were not clearly related to donation. After the second donor death, a number of position papers, conferences, and review boards have taken place. [3] [4] [5] New York State created a review committee and document mandating guidelines for transplant centers and physicians who perform LDLT. 5 The United Network for Organ Sharing (UNOS) now collects 2-year follow-up data on all donors and is developing standards for evaluating programs as well as resource documents to help standardize the donor consent and evaluation processes. Additionally, a more detailed study of LDLT, the Adult-to-Adult Living Donor Liver Transplantation Cohort Study (A2ALL), a National Institutes of Health (NIH)-sponsored multicenter prospective study of LDLT at 9 centers in the United States, is underway and recently published excellent outcomes including a survival benefit for candidates on the waiting list who pursue LDLT. 6 
Selection of the LDLT Recipient Candidate
At the current time, most experts concur that recipients considered for LDLT should fulfill the same minimal listing criteria established for deceased donor liver transplantation (DDLT). Some transplant physicians and surgeons believe that LDLT should be extended to patients not felt to be candidates for deceased donor grafts. This is unfortunately potentially coercive and raises an ethical dilemma. The principle of autonomy should allow donors and recipients to make an independent decision, even if the risk is prohibitive or a deceased donor transplant is felt contraindicated, eg, acute alcoholic hepatitis. On the other side is the question of exposing a healthy donor to risk to perform transplantation that would not be performed with a deceased donor graft. However, much of the seeming contradiction is due to organ scarcity. If deceased donor organs were unlimited, would the outcomes justify the procedure with a deceased donor graft? If the answer is yes and the transplant physician would proceed with a deceased donor organ at this time, then the candidate is acceptable for LDLT. The ideal candidate for LDLT who derives the maximal benefit is the one who would benefit from transplantation now but is unlikely to receive a deceased donor graft prior to dying or becoming too ill because of waiting list priority, age, or other comorbidities.
Because the major benefit of LDLT is to reduce waiting time mortality, it is possible that patients may receive LDLT too early in their disease course, negating that survival benefit. Prior to implementation of the Model for End-Stage Liver Disease (MELD), a substantial proportion (43%) of patients undergoing LDLT were UNOS status 3 (ie, Child class B and at home) at the time of transplantation, unlike those undergoing deceased donor liver transplantation (DDLT) who were usually status 2 (ie, Child class C or hospitalized with complications of liver disease). 7 The LDLT recipient candidate should undergo the same evaluation as the deceased donor recipient. During the proliferation of LDLT, the system for organ prioritization has changed from a waiting timebased system to a severity of illness system based on the MELD score. The optimal MELD score at which patients undergoing LDLT derive a sustained survival benefit by reducing waiting time mortality that is not offset by posttransplantation mortality is yet to be determined but is likely to be the same as for DDLT, which is greater than 15 in most clinical situations. 8 
Selection of the LDLT Donor Candidate
The goal of the donor evaluation is to determine whether the donor is medically and psychologically suitable for living donation. Equally important is to ensure that the donor is well-informed of the risks and benefits of the procedure and is making an autonomous and noncoerced decision. Most living donors are in excellent health. Although there is no definitive age cutoff, donors are typically between 21 and 55 years of age. New York State mandates an upper age limit of 60 years. Donors under 18 years are generally felt unacceptable, except for an emancipated minor donating to their child. Donors should not have liver disease or significant comorbidities, such as coronary artery disease or cerebrovascular disease. The presence of mild systemic disease, such as wellcontrolled mild hypertension or diet-controlled diabetes, is not necessarily a contraindication to donation. Individuals who are significantly obese, with a body mass index (BMI) over 35 likely are excluded as living donors in many programs because of fear of postoperative complications or the presence of hepatic steatosis. We have shown, however, that selected obese donors with BMI up to 40 can donate safely with good outcomes for both donor and recipient. 9 Because the presence of hepatic steatosis may compromise the function of the graft, some centers perform liver biopsies on all donor candidates, whereas other centers rely on physical examination, risk factors for hepatic steatosis, and imaging studies. 10, 11 Potential donor candidates undergo a similar medical evaluation as the recipient with serologic testing for viral hepatitis, human immunodeficiency virus (HIV) antibody, as well as testing for other chronic liver diseases. 11 An independent transplant physician, usually a hepatologist that is not the primary hepatologist of the recipient, should evaluate the LDLT donor candidate. An independent donor advocate who is not part of the transplant team has been recommended by UNOS, the Advisory Council on Transplantation, and the New York State Commission. We have an independent donor advocate team (Table 1) , which evaluates all donors and meets separately from our recipient selection committee. Evaluation of vascular and biliary anatomy can be achieved noninvasively with computerized tomography or magnetic resonance angiography or invasively with conventional angiography and endoscopic retrograde cholangiopancreatography (ECRP). The approach varies from center to center, although most centers use noninvasive methods. 1 All living donor candidates should undergo a psychosocial evaluation to determine whether coercion is present and whether they truly understand the risks of the procedure. Between 15% and 45% of donors who present for evaluation may be suitable candidates that eventually proceed with LDLT. 1, [11] [12] [13] In the multicenter A2ALL consortium, the donor acceptance rate overall was 40% but varied markedly between centers and over time. 13 Determining whether the donor has adequate hepatic mass to provide both a functional graft and remnant is a key component to LDLT evaluation. A graft to body weight ratio of 0.8% has been recommended as the minimum cutoff for the recipient. 10 A graft to body weight ratio of less than 0.8% may be associated with liver failure or small-for-size syndrome characterized as ascites, jaundice, and hepatic congestion but is rare with right hepatectomy unless the donor is much smaller than the recipient. Other centers estimate the actual graft volume typically with computerized tomography or magnetic resonance imaging. The radiologist encircles the right hepatic lobe using the middle hepatic vein as the left border and utilizing computer software calculates the hepatic volume and weight. There are less clear rules for the minimum left lobe size that remains in the donor, who can also suffer from small-for-size syndrome if the left lobe remnant is inadequate for immediate postoperative metabolic needs. Small-for-size syndrome usually resolves spontaneously over 10 -14 days.
The Living Donor Hepatectomy
The performance of living donor liver transplantation relies on an understanding of the vascular and biliary anatomy of the liver. The left lateral lobe consists of Couinaud segments 2 and 3; the median lobe is Couinaud segment 4; and Couinaud segments 5, 6, 7, and 8 compose the right hepatic lobe (Figure 2 ). Couinaud segment 1 is the caudate lobe. It is segments 5-8 or the right hepatic lobe, composing 50%-60% of hepatic volume, that are resected from the living donor and undergo transplantation into the recipient in most adult-to-adult LDLT. In some circumstances, usually when the recipient is an adolescent or much smaller than the donor, the left hepatic lobe can be used ( Figure 3A ). For babies, the left lateral segment, comprising segments 2 and 3 or ϳ20% of hepatic mass are used. The right hepatectomy is performed through a midline or a right subcostal incision with extension to the upper midline. A cholecystectomy is performed. Intraoperative cholangiogram may be obtained to define biliary anatomy. Intraoperative ultrasound is usually used to isolate the right hepatic artery, right hepatic vein, and right portal vein. In most cases, the liver is divided to the right of the middle hepatic vein with or without inflow occlusion using an ultrasonic aspiration dissector or other device. Some programs in Asia include the middle hepatic vein in the graft to provide improved outflow and hepatic mass to the recipient, but the majority of programs in the United States shows this is too large a resection for a healthy donor, who does not require surgery, and increases the risk of small-for-size syndrome in the donor. Whether or not to include the middle hepatic vein in the graft has been the most controversial technical aspect of LDLT. The graft without the middle hepatic vein can be outflow challenged and prone to congestion with cholestasis and portal hypertension early in the recipient but is safer for the donor. The recipient hepatectomy is usually begun concurrently with the donor operation to minimize cold ischemia time. After complete removal of the recipient's diseased liver, the right graft is implanted into the recipient. The recipient's right hepatic vein, hepatic artery, and portal vein are anastomosed to the donor's right hepatic vein, hepatic artery, portal vein, respectively ( Figure 3B ). The biliary anastomosis is established through a choledochojejunostomy with a Roux-en-Y anastomosis, to the donor's right hepatic duct(s) or a duct-to-duct choledochocholedochostomy between the donor's right hepatic duct and recipient's common bile duct remnant. Because of variations in biliary anatomy, multiple bile duct anastomoses may need to be performed, and this usually requires a Roux-en-Y anastomosis.
The Achilles' heel of LDLT is biliary complications. Anomalous biliary anatomy is present in up to 40% of donors. 10 The most common complications reported in donors and recipients specific for LDLT are bile duct leaks or biliary strictures. These complications decrease with time. It is now recognized that a learning curve exists with a lower complication rate and improved graft survival over time. In the A2ALL consortium, the rate of biliary complications in the recipients was 30% in the first 20 cases and decreased to 11% thereafter. 14 Vascular complications in the recipient include hepatic artery thrombosis and hepatic venous congestion and are the most common causes of graft loss. 14 Vascular complications in the donor are rare.
Recipient Outcomes for LDLT

Impact of Severity of Disease
It was initially believed that receiving a whole liver is preferable to receiving a partial liver graft. Recently, however, it has been shown that outcomes from the time of transplantation are equivalent in similar patient populations between living and deceased donor transplantation in experienced living donor centers. 6 Additionally, because of the organ shortage, most transplant centers do not have the luxury of performing transplantation for all of their patients in need of transplantation with MELD-allocated deceased donor organs before they die or become too ill. In addition, it is ultimately mortality on the waiting list and overall mortality pre-and posttransplantation, not the number of patients waiting for liver transplantation and the number of patients who receive liver transplants that is of ultimate concern and determines the efficacy of liver replacement therapy. The waiting list mortality increases in patients with advanced liver disease (Figure 4 ), and patients with a MELD score of 25 have a 20% 3-month mortality. 15 There is marked regional variability in MELD at transplantation across the UNOS regions. 16 Thus, depending on the region of the country and the average MELD score at time of transplantation within the area served by the organ procurement organization, LDLT may offer patients a substantially higher likelihood of transplantation than waiting for a deceased donor liver.
When assessing a liver transplant candidate for LDLT, the adequacy of a partial graft for transplantation depends on the candidate's severity of liver disease. Thus, a balance needs to be struck where the severity of the recipient's liver disease is sufficient to justify transplantation but not be so advanced that a partial graft will not provide adequate hepatic mass. Although LDLT has been performed in patients with fulminant liver failure and patients with very advanced liver disease (intensive care unit-bound patients or MELD score Ͼ30), posttransplantation survival rates are poor in this group of patients. [17] [18] [19] In one series, patient survival was 57%, with an average stay of 23 days in the intensive care unit. In comparison, 1-year patient survival is 82% in deceased donor transplant recipients who were intensive care unit bound as UNOS status 2A at the time of transplantation. 19 This has led most centers in the United States to abandon LDLT in the most severely ill patients with high MELD scores, especially now that they are given high priority on the UNOS waiting list. However, because short-term mortality without liver transplantation approaches 100% in these critically ill patients with high MELD scores in areas with low deceased donor organ availability, the decreased posttransplantation survival rates with LDLT may be superior to the alternative of the high mortality on the waiting list, especially as outcomes with LDLT improve. This has led to the use of LDLT in this situation in Asia, with good outcomes in some studies. 20 We do not have an absolute MELD cutoff for LDLT. Decisions on LDLT are made on a case-by-case basis, but in general it is uncommon to proceed with LDLT in patients with MELD scores above 30. A lower limit of MELD score with LDLT is more controversial and varies from center to center. Because for patients with MELD scores Ͻ15 and certainly Ͻ12, 1-year survival likelihood of survival is less with transplantation than remaining on the waiting list, 8 some have advocated not proceeding with LDLT in candidates with MELD scores less than 15. However, in the A2ALL cohort, the average MELD score at LDLT was 14, although many of these patients had hepatocellular carcinoma (HCC). 6 Thus, decisions need to be made on a case-by-case basis. Particular attention needs to be taken in patients with hepatitis C virus (HCV) for whom recurrent HCV could decrease life expectancy if a transplantation is performed too early in the absence of pretransplantation viral eradication (see below). We tend to avoid LDLT at low MELD scores, except in patients with HCC, a suspicious biliary stricture, or dysplasia in the setting of primary sclerosing cholangitis, or significant impairment of quality of life (eg, refractory pruritus or metabolic bone disease in primary biliary cirrhosis, or difficult to control ascites and encephalopathy).
Complications in the Living Donor Recipient
Biliary and vascular complications are the major complications that occur in the recipient after LDLT, although wound infection, pneumonia, and other typical postoperative complications can occur. Biliary complications, either bile leak or stricture at the anastomotic site or cut edge of the transected liver, were reported in 15%-60% of recipients in early, single center reports. [21] [22] [23] [24] Stenting the biliary anastomosis has been used to attempt to reduce the rate of bile leaks and strictures, but it is of unproven benefit. Complications are probably underreported, and a standardized reporting system has been recommended for LDLT.
Vascular complications include thrombosis of the right hepatic artery at the anastomosis between the recipient and donor artery. Because of the small size of the right hepatic artery, in comparison with the proper hepatic artery in cadaveric liver transplantation, the anastomosis between the recipient's right hepatic artery and the donor's right hepatic artery may increase the risk of thrombosis. It has been reported that using a Y extension arterial graft with reverse extension bifurcated graft from the gastroduodenal and common hepatic artery may protect arterial inflow. 25 It has become increasingly recognized that small tributaries 3-5 mm in size of the middle hepatic vein that drain segments 5 and 8 should be included in the anastomosis to the recipient hepatic vein or inferior vena cava to prevent hepatic venous congestion of the transplanted right lobe in the recipient.
Postoperatively, regeneration occurs rapidly in the recipient. Initial reports suggested that over 85% of hepatic volume was restored 1 week after transplantation. 26 Based on magnetic resonance imaging of the abdomen, the left lobe increases in mass by 100% in the donor, and the right lobe increases by 87% in the recipient. However, subsequent studies suggest regeneration continues over 6 months. 27 Liver regeneration is rapid and may be affected by severity of liver disease prior to transplantation and type of reconstruction performed with the middle hepatic vein. 27 Outcomes for Hepatitis C Hepatitis C remains the most common indication for liver transplantation. Early data suggested that patients with HCV who received an LDLT had worse outcomes than did recipients of DDLT. 28 These early studies in which LDLT has been associated with increased graft failure have attributed the difference to more rapid HCV progression in the regenerating LDLT graft. One possible explanation for the difference is that recipients of LDLT receive smaller grafts that regenerate, and several in vitro studies suggest that dividing hepatocytes are more vulnerable to HCV infection. This could lead to increased levels of viremia, which is seen in cholestatic HCV, in LDLT recipients. This also may have been due to an increased rate of biliary complications or other problems seen during the learning curve of early LDLT experience. Whether there is an increased risk of cholestatic HCV remains unclear and warrants further investigation.
More recent data suggest that there is no difference in recurrent HCV between recipients of DDLT and LDLT. These studies were usually based on protocol biopsies and included a later experience with LDLT. In a study of 23 LDLT recipients and 53 DDLT recipients, protocol biopsy samples at 6 and 12 months were compared for inflammation and fibrosis, and there was no difference in mean inflammation scores or fibrosis at any of the time points measured. 29 Twenty-one percent of the recipients of DDLT suffered acute rejection compared with 14% of the LDLT recipients; this difference was not statistically significant. Graft and patient survival rates between the 2 groups were similar: at 48 months, 82% and 82% for DDLT patients and 76% and 79% for LDLT patients (P ϭ NS). Results from this study, which looked at liver histology, do not support the idea that recurrent HCV is more prevalent among recipients of LDLT. Additional studies have also concluded that rates of HCV recurrence are not different among recipients of LDLT. 7, 29 The A2ALL data on HCV were reported recently comparing 181 HCV-positive LDLT recipients to 94 HCVpositive DDLT recipients. 30 Although patient survival was similar, 3-year graft survival was lower in LDLT recipients than in DDLT recipients (68% compared with 80%, respectively, P ϭ .04). However, center experience was a confounder on the relationship between donor type and outcome. Once the center had performed 20 cases, graft survival was equivalent between DDLT and LDLT. For LDLT Ͻ20 cases, 3-year graft survival was only 55% compared with 79% and 80% for LDLT Ͼ20 cases and DDLT recipients, respectively. There was equivalent and excellent patient survival between LDLT Ͼ20 cases and DDLT as well, 91% and 87%, respectively. Unfortunately, the majority of patients studied in the retrospective arm of the A2ALL group did not have protocol liver biopsies. Of the 63 patients who underwent biopsy, there was no difference in total necroinflammatory or fibrosis scores between DDLT and LDLT at 1-year posttransplantation. Thus, the majority of recent data suggests that outcomes for HCV are similar for LDLT and DDLT at experienced centers and that HCV is an acceptable indication for LDLT.
Outcomes for HCC
Prior to implementation of the MELD, a large proportion of LDLT were performed for HCC. 31 Long waiting times and high rates of drop out on the list as a UNOS status 2b made LDLT the only viable option for many patients. Currently, despite the increased MELD priority (to 22 points with additional points every 3 months) given to patients who meet the Milan (T2) criteria, ie, a single lesion Յ5 cm or 2 or 3 lesions each less than 3 cm, patients just outside these criteria (eg, those between the Milan and the more expanded University of California at San Francisco [UCSF] criteria) will typically have very long waiting list times that make transplantation unfeasible. In some regions for some blood types, even patients within Milan criteria may have a 9-to 12-month wait for DDLT. Thus, LDLT remains an important option for the treatment of HCC, particularly in situations in which the risk of disease progression on the waiting list is substantial.
Although it seems obvious that patients with HCC would benefit from earlier transplantation and thus LDLT, to date data have not supported superior outcomes or lower HCC recurrence with LDLT compared with DDLT. Much of this may have to do with differences between LDLT and DDLT recipients and study design. One retrospective study looked at outcomes of transplantation in 43 living donor recipients and compared them with the outcomes of 17 deceased donor recipients. 32 All of these patients met Milan or UCSF (solitary tumor Ͻ6.5 cm or up to 3 tumor nodules, each Ͻ4.5 cm with a total maximum size of Ͻ8 cm) criteria. The MELD scores, Child-Pugh-Turcotte (CPT) scores, and etiology of liver disease and tumor stage in the explant were comparable in both groups, but there were more patients with Child A or MELD score Ͻ10 in the LDLT group. Ten of 40 (25%) patients of the LDLT group underwent salvage transplantation after resection or ablation compared with 1 of 12 (8%) of the patients who received a DDLT. Tumor recurrence developed in 10 of 43 (23%) LDLT and 0 of 17 DDLT patients. Multivariate analysis revealed that salvage transplantation (relative risk [RR], 5.2) and tumor outside of UCSF criteria (RR, 4.1), but not LDLT, were the only independent predictors of disease recurrence. This study is limited by the small sample size and the fact that, despite the similarities in gross staging, the patients differed in terms of prior therapy and microscopic disease, suggesting that patients with more aggressive tumors were disproportionately undergoing LDLT. The authors conclude that the higher recurrence rate seen in LDLT is due to confounding by more advanced disease.
The A2ALL group has also studied LDLT in the setting of HCC. A total of 106 candidates with HCC were studied retrospectively: of these, 58 LDLT and 34 DDLT were performed. Although LDLT recipients enjoyed shorter waiting times compared with DDLT recipients (mean, 160 days vs 469 days, respectively, P Ͻ .0001), HCC recurrence was more common in LDLT at 3 years (29% vs 0%, respectively, P ϭ .002). 33 There was no difference in overall mortality between the 2 groups.
One possible explanation for the increased recurrence of HCC for LDLT may be that the surgical techniques of LDLT make it a less successful cancer operation because of a need to keep vascular margins closer to the liver in LDLT. Another possible explanation for this observed difference is that the groups are not truly comparable. One needs to compare HCC recipients of DDLT and LDLT with caution; LDLT is often used as salvage transplantation for patients who have failed to respond to resection or ablation or in patients who are progressing rapidly. This group of patients may represent a particularly aggressive type of tumor that has a high risk of recurrence with any type of transplant. The reason these patients do not recur post-DDLT is that they do not exist; if they do not receive a living donor liver transplant, they likely progress rapidly while on the transplant list and drop out or die prior to receiving DDLT. Thus, the waiting list serves as a Darwinian selection mechanism for patients who have favorable tumor biology and a lower recurrence risk. This results in a paradoxical situation in which longer waiting times translate into better outcomes, reflecting more favorable tumor biology rather than an impact of waiting time or type of transplant. Thus, increased recurrence in LDLT recipients may reflect selection of patients with more aggressive disease, not suboptimal therapy.
The A2ALL results support this theory. Additionally, "fast-tracked" transplant patients, which were defined as recipients who met the Milan criteria and received additional MELD points through exception or who underwent LDLT, had higher rates of tumor recurrence posttransplantation compared with recipients of non-fasttracked transplants who received transplants while on the waiting list prior to being able to receive MELD exception points. 34 These results underscore the concept that increased waiting times may provide a filter for patients whose tumor biology is amenable to cure with transplant, not that the operations fundamentally differ in outcomes.
In addition, these studies focus only on posttransplantation outcomes. From the patient's perspective, only overall (pre-and post-transplantation) survival matters. Future studies need to analyze mortality from the time of listing as well as drop out because of tumor progression pretransplantation and posttransplantation recurrence to assess adequately the impact of LDLT on outcome. If the drop out pretransplantation with DDLT significantly exceeds the tumor recurrence posttransplantation with LDLT, LDLT may offer a substantial overall survival benefit. Additionally, improved methods to risk stratify patients with HCC and better adjuvant and neoadjuvant treatment regimens are needed. As more is discovered about HCC biology, we will be better able to identify patients with more virulent cancers, who may not benefit from transplant or require more aggressive locoregional or systemic anticancer therapy. LDLT may allow optimization of these therapies and controlled timing of transplantation.
Other centers have reported data more supportive of LDLT for patients with HCC. In a study comparing 36 cases of HCC, 53% outside the Milan criteria, who were treated with LDLT to a cohort of 165 recipients of deceased donor organs, there was no significant difference in survival or recurrence rates. 35 Furthermore, data suggest that LDLT for patients with HCC not only results in similar disease-free survival rates as DDLT but that for patients with advanced HCC, outside of the Milan criteria, LDLT was shown to provide a 3-year survival rate of 60%. 36 Future studies need to address the role of LDLT in patients with HCC. A true comparison of LDLT and DDLT for HCC should encompass both post-orthotopic liver transplantation recurrence as well as progression to death or delisting pretransplantation while on the waiting list for both groups. For high-risk tumors and those not eligible for MELD exceptions, it is likely that tumor progression on the waiting list has a higher risk of mortality than recurrence rates post-LDLT.
Donor Outcomes
Donor safety is paramount in LDLT. To date, 3 donor deaths after right lobe donation have been reported in the United States, 2 of which occurred within the first postoperative month and were clearly related to the procedure for an overall mortality of 0.15%. One donor died from complications of aspiration pneumonia, and 1 donor died of complications partly related to sepsis. 37 One donor died of recreational drug use or suicide 23 months after donation. 1, 21 There have also been 2 liver transplants performed in living donors for postoperative liver failure. Worldwide, other donor deaths have been reported in Europe and Asia, with an overall worldwide estimate of 19 and a donor mortality of 0.15%, but the exact number is not known. 38 There has been a wide range of complication rates reported in the literature in donors after LDLT. Overall complications rates have ranged from 0% to 67%, with an overall crude complication rate of 31%. 39 Biliary complications have been reported in 0%-7% of donors, including bile leaks and strictures. Complications related to major abdominal surgery occur in 9%-19% of donors, including wound infections, small bowel obstruction, pneumonia, and incisional hernia. There are reports of aborted donor hepatectomy at the time of surgery as a result of unexpected findings, including the presence of significant hepatic steatosis, but these figures have not been collected rigorously, so the exact number is unknown. Comprehensive data on donor outcomes have been limited because of the lack of a national registry, and the majority of data available is generated from single centers with small numbers of patients or self-reported data in national surveys. Additionally, it has not been clear whether complication rates reported have included only problems that require intervention or all deviations from standard of care. Earlier studies reported complication rates of 15%-32%, likely reflecting differences in the rigor of the donor selection process, the experience of the center, and differences in reporting. 40 National data were obtained via voluntary survey of all centers performing LDLT after an early National Institutes of Health meeting on the topic. Based on these data from 84 different centers, the national overall donor complication rate was estimated to be 14.5%, with a rehospitalization rate of 8.5% and a donor mortality rate of 0.2%. 1 Currently, overall donor complication rates are estimated at 10%, with mortality rates between 0.2% and 0.4%, based on a survey of 30 different transplant centers in the country. 41 This study also revealed higher complication rates in centers that performed fewer transplantations.
A2ALL donor complication data are expected in the near future but were reported in abstract form to be 38% when all deviations from standard of care were included. Of these, 27% were Clavien grade 1, and only 0.8% of these were life threatening. The UNOS now requires follow-up reporting on all living donors for a minimum of 2 years. The combination of detailed data from a smaller number of large volume centers and registry data on all donors will allow a more accurate assessment of donor risk and outcomes.
Because of variation in complication rates and lack of uniform criteria used by centers for defining complications, a standardized system for reporting complications is necessary. 42, 43 The Clavien system has been modified to include complications that may occur after liver transplantation. This system can be applied to both the living donor and recipient after LDLT and has been adopted by the A2ALL consortium among others. 43 Long-term complications are essentially unknown after right donor hepatectomy because the procedure was not performed on a substantial number of patients until 1999. Therefore, 5 years of data are available on very few patients, and 3-year data are just becoming available. The major issue that will evolve is obtaining long-term data from donors because practice patterns for centers following donors after living donation are quite variable as far as the frequency and duration of visits after LDLT. 44 Furthermore, years after LDLT, healthy donors may be lost to follow-up or difficult to contact because of a real or perceived lack of need for medical care, insurance barriers, or access to care.
Donor Quality of Life
Studies assessing donor quality of life after LDLT demonstrate that virtually all donors state that they would donate again, irrespective of recipient outcomes. 45, 46 Ninety-six percent of donors were able to return to work after a mean of 10 weeks after surgery. Seventy-one percent of donors reported abdominal symptoms several months after surgery that they attributed to surgery. 46 A report on 30 donors at varying time points postdonation reported quality of life at or above United States norms on a general quality-of-life survey. 47 In a larger study of 68 Japanese donors at a mean of over 4 years postdonation, there were 2 donors who indicated that they would not donate again; in both of these cases, the recipients had died. The correlation between recipient outcome and donor satisfaction is in contradiction to data in pediatric living donation where few parents express regret regardless of outcome in the child. There was no difference in scores between donors who sustained complications themselves and those who had no complications. 48 Although overall quality-of-life data are important, there are specific areas that may be a source of stress and concern to donors, including finances, return to work, and expected recipient outcomes, and should be addressed both before and after donation. 49 A notable limitation to all of these studies is the disproportionately high lack of response from donors whose recipients had serious complications and that the instruments used in these quality-of-life studies have been general quality-oflife instruments, eg, Short Form-36, which may not capture symptoms or complaints specific to right donor hepatectomy.
Ethical Issues
LDLT and performing a right hepatectomy in a healthy individual on the surface challenges the tenet of "first do no harm." The premise of living donation has to be based on a psychologic benefit to the donor from donation. That benefit can be either because of providing a direct benefit to the recipient or satisfaction with the attempt to provide lifesaving therapy. To weigh properly the ethical issues, a precise understanding of the risks and benefits to the donor and recipient are needed.
Living donor kidney transplantation has been performed for over 4 decades with an estimated mortality risk to the donor of 0.03%. 50 Thus, mortality of the donor is 5-fold greater in LDLT compared with living donor kidney donation. This may be an unfair comparison because there has been over 40 years of experience with living donor kidney transplantation and only 4 -5 years of experience with LDLT. There is reason to believe that, with experience and improved selection criteria, the mortality rate will decrease. However, right donor hepatectomy will always be a more morbid procedure compared with living donor kidney donation, and a real risk of mortality to the donor is unavoidable. 50, 51 The main ethical dilemma is assessing the level of acceptable risk of mortality to the donor and determining whether this is an absolute measure or one that is subject to the clinical situation and the donor's preferences. The risk of donor mortality is higher with LDLT than kidney donation. However, this is a relative risk. The absolute risk is small and very small compared with the ϳ20% risk of mortality while on the waiting list for the recipient. The principle of autonomy places the perspective of the donor as the most important. The donor must be informed of the risks associated with the procedure. Coercion of the donor needs to be excluded during an independent, confidential evaluation. However, what mortality rate is acceptable when the donor understands the risks and coercion has been excluded? Donors may be willing to accept high rates of mortality if the life of a loved one is in jeopardy, higher than the level acceptable to the transplant physicians and surgeons. In a single study, lay people indicated a willingness to donate with an ϳ20% mortality risk undergoing hepatectomy for an ϳ50% anticipated recipient survival. 52 There has to be a balance between the risk incurred by the donor and what is acceptable to society, the medical community, and benefit to the recipient.
Recipient outcomes are incorporated into decision making about LDLT. From a medical perspective, if patient or graft survival rates are markedly lower compared with DDLT, then LDLT may be perceived as a failure. However, from a patient and donor perspective, if survival after LDLT is better compared with survival on the waiting list without a liver transplant, then LDLT may be acceptable. This issue arises for patients with HCC who do not meet the current UNOS criteria for additional MELD priority or those with acute alcoholic hepatitis. With a high risk of death on the list or a current contraindication to transplant and no likelihood of recovery, LDLT may be considered ethical because the potential benefits outweigh the potential risks to both donor and recipient. We currently limit consideration of LDLT to patients on whom we would perform DDLT if a liver were available. However, dilemmas exist if patients and donors are willing to accept lower posttransplantation survival rates if survival to deceased donor transplant is negligible. Similar arguments can be made in the setting of HIV and advanced liver disease or retransplantation for hepatitis C-related cirrhosis. Thus far, we have elected to apply the same criteria to LDLT that is applied to deceased donor transplantation, but these standards may be challenged by a society faced with organ shortages.
Costs
There are numerous studies on factors associated with the cost of DDLT, but there are few studies comparing the cost of LDLT with DDLT. [53] [54] [55] [56] DDLT is accepted as a cost-effective therapy for end-stage liver disease. The effectiveness of LDLT is established, but its cost-effectiveness relative to DDLT has not been well defined.
The first study of the costs of LDLT compared with DDLT reported costs in arbitrary units and not number of dollars and found that total costs in the deceased donor group were 21% lower compared with the LDLT group, although this difference was not statistically significant. 54 On average, the cost of LDLT was $25,000 -$30,000 higher in the LDLT group. Included in the analysis were costs of donor evaluation (and rejection) and cost of 1 year of donor follow-up care, including retransplantation, if applicable. Notably, there were 4 retransplantations in the LD group, which markedly increase cost, and all of which occurred in the first 10 cases. Thus, if the study were performed further along the program's learning curve, it is reasonable to assume that costs would be lower with LDLT.
Overall, it is likely that, even if LDLT is more costly than DDLT, it will remain cost-effective relative to the alternative of no transplant. Because it adds an additional graft to the pool of available grafts, LDLT should be compared with either no transplant or the costs of waiting with potential DDLT in the future. Future research should look at costs of cases after the first 20 cases in experienced centers and should make an attempt to include all associated costs, including both donor costs and the costs associated with waiting list morbidity and mortality.
Additionally, donors should be informed that they might be responsible for costs in certain settings. For example, the living donor may be responsible for some costs that occur after initial hospital discharge, including complications that are the result of the procedure, such as ventral hernia. These costs may be substantial, and a financial counselor should be consulted to review what the recipient's and donor's health insurance will cover and any potential financial liabilities for the donor.
In one study, mean out-of-pocket expenses for the donor were $3660. 46 Complications occur in 15%-30% of donors, and donors should be aware that they may be responsible for costs that are not covered by the recipient's insurance, even if it is related to a complication. After right hepatectomy, donors can anticipate not returning to work for at least 2-3 months, and they should contemplate whether their household can support this period of time off and whether their employer will allow it.
Benefits of LDLT
To balance the risks and costs outlined above, some quantification of benefit is needed. As indicated above, the major benefit to the donor would be increased likelihood of transplant and potential survival and quality-of-life benefit to the recipient. Studies comparing outcomes in LDLT and deceased donor liver transplant recipients report posttransplantation survival rates. One of the main reasons LDLT is offered is to reduce waiting time mortality because of the deceased donor organ shortage. 57 Analyses that report posttransplantation outcomes fail to capture benefits LDLT may have on waiting time mortality.
Two initial studies of LDLT, 1 conducted in the United States, reported higher rates of transplantation and lower waiting time mortality rates in the group of patients with living donor volunteers compared with a group without living donor volunteers. 58, 59 In a study we performed, waiting time mortality was 10% lower in the group of liver transplant candidates with living donor volunteers compared with the group without volunteers. 59 Survival can also be measured from the time of listing to last follow-up, through transplantation, to capture the complete effect of LDLT on survival from listing through transplantation. Using this methodology, a survival benefit to LDLT has recently been demonstrated in the A2ALL consortium. We studied mortality rates in patients who had a donor evaluated for possible LDLT and compared 2 groups: recipients of LDLT and patients who did not receive an LDLT (including those who received a DDLT, those who remained on the list at study completion, and those who died on the list). 6 LDLT recipients have an adjusted mortality hazard ratio of 0.56 (95% confidence interval [CI]: 0.42-0.74, P Ͻ .001) relative to patients who were evaluated for but did not receive a living donor graft, controlling for clinical differences at the time of evaluation. This benefit was significantly increased at centers with experience (defined as case number Ͼ20), with a hazard ratio of 0.47 (95% CI: 0.32-0.69, P Ͻ .001) associated with LDLT. 6 This study, which most closely approximates an "intent-to-treat" analysis, quantifies the reduction in waiting list mortality for LDLT compared with remaining on the waiting list because posttransplantation survival was the same in DDLT and LDLT at experienced centers (ie, Ͼ20 cases).
Thus, studies from the time of evaluation have all demonstrated substantial benefits of pursuing LDLT on waiting time mortality. Patients are interested in their overall survival, not only if they survive to transplantation. It appears that, except for patients with high MELD scores, LDLT offers equivalent results to DDLT from the time of transplantation at experienced centers, despite an initial belief that for any given severity of illness a whole organ should result in superior or equivalent outcomes compared with a partial organ. Moreover, most centers offer LDLT because transplant candidates die waiting for a whole organ or may become very ill prior to transplantation, complicating their posttransplantation recovery.
Conclusions
Adult LDLT offers improved access to a lifesaving transplant for patients with end-stage liver disease in areas in which waiting time mortality is high and availability of deceased donor organs falls short of the need of the population. There are significant risks to the living donor, including the risk of death and substantial morbidity, that must be taken into account before patients, physicians, and transplant programs embark in LDLT. Significant improvements in outcomes have been seen over recent years that are now being reported in larger multicenter studies. Despite this, LDLT remains stagnant. Data support the use of LDLT in patients with end-stage liver disease because of HCV as well as HCC, although there remain questions about which patients with HCC are most suitable for LDLT. It is clear that centers with more experience have better outcomes. Future research needs to address optimal donor evaluation, as well as identify the most suitable LDLT donors and recipients. Results of the A2ALL study will help quantify donor risk and recipient outcome and, hopefully, allow growth and development of the procedure.
